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(57) Abstract: 

PROBLEM TO BE SOLVED: To precisely detect the 
stroke of a piston and the top clearance of a linear 
compressor without using a position sensor in a linear 
compressor drive 101. 

SOLUTION: In the linear compressor drive 101 equipped 
with an inverter 2 for supplying driving current with 
prescribed frequency to a linear compressor 100, there 
is provided an inverter controller 6 for controlling the 
inverter 2 so that the frequency of output current may 
be resonance frequency, based on resonance frequency 
information. The output current Id of the inverter 2 and 
the instantaneous value of output voltage Vd are 
measured in such a phase timing that a variation in the 
output current Id of the inverter 2 is zero, and the 
piston stroke is computed from these measurements. 
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1 

mat. 

-LR^f w<- ^ ffl* W«o«5HBj&s-e ci 4: * Steffi * 20 

go 

[tt*5 3 ] m*gi i iE«co.y ^^y^ ^ -ran 
SWfcHsi^x. 

X. ±IE>r^-*^tt5^^macOffiffi^ N 90° 

[»#gf4] is#*g 3 f2<Ktf>y-T =» ^uytn 
fmmmmtefir&mttrzj w-fmmtit&M*.* 
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2 

smijus^x* 

*»»*J«Ht-^Jc«<5^X, ±«E-f w<-^OttlAt« 

m#m e ] m&m 1 ies^ y ~r = >^ u * imeis 

*WkfcJ: 9*o«**«r**ft*WJ:»LXtUC*l 

fs»«F««effl. »«PSJEffi, »t®y =r*— *<ort« 
num. 

c^^#mt-r^y-r=iv^u$/i^igsj^s 0 

[IfMt* 8 ] if 1 y=73^uj'tl 

0*^fi«l^3I^^X4ijEU. ffiaEUfc^^^^S-^ 

9 ) if 1 iE«c(D 

^BIwjot>x, 

0] 1 iE«eO y ^7=>yyi/^f|g 

ib^g^iov>x. 
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3 

S^T\ ±Ef* h^f±««&K*5tt6 b'X h^T^E 

mmmm 0 

s^^t ibbus* &?tot. JLSB h yaiitc^ 

2] 9 tcE«G>y -Tabus' * 

±EJi^/£ti*»«ROULE^;* hn-*«f«M 

s^^rHiijaw^tTor, ±Et^ bis'&mwmzjs 

[Ml** l 4 ] ISsftJS 9 isfcco y a >^ u 
_bEe* h >t£«a»!2ii3»t« fcT* h >±3€jRfit««r* 

±E±5E^<a««*&i/±Ee^ ho-*w«K: 
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±ET5E^4««*BX0 5 ±E^^ 

JO tt&ik$:ffiZ-tiZki:WWLh-rZ V =7a^l/yf 
[8»*«1 6] »#«9IEttW!l=73y/i/ytI 
±Efc'^ h:/f±«S»U:;i3ttSfc:'* h>T^fiI^^ 

±ET^£(MW«;Rtf±Etf;* hD~^if^i- 

20 zm&^&k&mz-itz. k&ftmk-rzv -r^^u 
i 7 ] m^m 9 mm<D y ~r => >y u y *b 

ftSSBK^T, 
-0-KlbKB. 

Iff*«l 9] fl|jft«l 0^1>L1 2(0^-rn^{CfE 

tt<oy = v^u5/*raBKBi-*3^T, 

5/7 ^o^&^<b. ±iEfc°* hv3S^»£t!^^lcJ: 
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(5 

[ft*52 3j If*^2 lfEScOy =73y7-U:,t 

±ie y ^ r = >;/ u ^ -y-^ettb-rs^^ <o/±^ 

zixitftmtsfrh. ±.m*>>btiLMmmkLx. ±ssje^j 
[0 0 0 1 1 

s»$*r->y >?t*i&x-mffitf*i:£tf.-Fz y =73 
[0002] 

v-^u-y-y-^^i^ti-Tv^^. 137(4. ^jfecoy -t=>>- 
y^-y^^m-rirctb<Dmmmx-i>'o, &&mtki. 
x;<**m^ y -T=>is-7-uy-v-ff>mm*Mrftm^ 
ur^s„ y ^r^^-^uj/f-i 0 oii^ g$^-r-5->y 

>^Si5 7 1 a&C^e- *S157 1 b^t,451ft7 1 
LT^5„ CC0gf*7 1 W>y >-^gi57 1 a I4^y =T 

>ygfi 7 1 a rtfcli, t^h>7 2 ^>y >?<D*.L- 
[0 0 0 3] .hlE^* 7 1 f^Cg? f * h > 7 2 CO-rf ffiflij 
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7 

Kti. tr* h>-n 3/ K7 2 a d?K">y ^^SP7 1 a Rt>* 

5/ K7 2 a<7)— h>7 2|C@^S4xTt^o * 
b\^s Z<D¥X h^n-/ K7 2 a<D{&ffik. ZtHzttfa 
i"*^ — *g»7 1 bcOP^ii®7 1 b 1 t<OWi\zn. 
hy^^t^J^^ 8 l#ffi«$;ft,T 

#«»U h>7 2d5±IEf^ h^SSpffiBf-M 

IBf* h >-*Az:ffigfi, 3tf8M*8 ias£jgL#i^fc\x 
tctesurv^^^Tii, tr* h>7 2(c^i-6^^< 

^>8 2 0tt»AfMB£L*l\ 

[0 0 0 4] £fc, ±Et^hyP7F7 2a^ ±IE 
^-^^7 1 brt(^«-T5Si5^li, h 7 3 

dS*0f+*tfe*tT*3 9. ±12*—*^ 7 i brt^x ^ 

a ^^ixl^^^n/c^^— ^n^/W 4 b tfrhfth 

7 4<h±lE^^^ h7 3£l::J:B y^r^e— *8 2# 

^<oy =x*— *8 2<dw»iJi, o$9K«w 

7 4 k-*?** h 7 3 ^^It^t^t^^, ±15 

[0 0 0 5] ±fEfift:7 IfWZs}) >^^y.K« 

lc:^ x v/yy^l«i7 5, h >-JS§Di 7 2 b x 

Ell7 6«$tl*C^6 0 i^y ^±2fff*)®7 5lc 

WAf laO-MPlt^*), $t>IC±fE'>yv 
^±SBrt®7 51^ ±taE16M7 6^feii5flE?ftiK^^ 
*rqt#ffli"fc«)0»ttEDtffi* 1 b<D-«M*BBP Lt^ 
6 0 ±ffi»«E«Atf l a Rt/^^PttHW 1 b tett. 
#*Oigffi£K±-r558A#7 9&t/D±tti#8 0#J&9 

[0006] ^(OipftBiStftsy^ray^i/y 
tioom ^-^K7^^ (^THt-r) a*iby~T 
^e-^ 8 2^offitt«tt<&Ktttt*ift«t::J: 9 . fc°* h 

[0 00 7] k^^>X\ ±l£coj:5^y -T^y/i/^ 

tioom ±iey ~T^e-*8 2\z_tvm-fz>wfiLh 
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[00 08] Sfc. y ^T^^^u^iM 0 Otll w 
##>6 0 o^t), t'7hy7 2ll ±IEy-T^-^8 
4 < . /E#§^ 7 6 !*}&<D#imtfX<DEE.j3 k V ^ 7 2 

5 0 Z<Dfctb^ h>7 2ir 

fftBi-SffiNIg 7 6 £ . h > 

7 2 CD;* hP- ^/~rtT-fr< h>7 2<D'lZmm(Dtp 

[0009] t^x% ^^v>k^])>^<om^%:mm 
»^a:*«^i*t^y >zf\y^^-x*n, t°^h^5fe 
[oo i o] ±wz<n±?fmm&&^f£ki,xtt. y^ 

[00 11] ^(OJ:5^tyf^^6h 
5o roj: •p^ir nyT'i/^tlOOi^ 

[00 12) ^rt*, h>-7 2^S«r«tB-r5^ 

l o o ftgfUdgSIt $ ^6{i©-fe- >1Hz£*)?fo k^oJj 
mxnte<. y-rny/uytiooi^^^y 

ffltfil:l<5^tt^ h>7 a^g^r^ttJ-ra^fe^ 

M^ixt^6 (^8-5 08 5 5 8^i# 
BB) o 

5« (0 0 13] j^t. cco^faisfc^, y=73yyu-> 
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6 0 EJ8l;fc N y ^Tn^u^co fx h>£f£tH-<5 

-r^-^^Mt^i^^ vx [h] 

T-fc9, RttK#*ftO«ft»ft [Q] *fc, V 

tty=ra^uy*fcB)iD*tta*« [a] 

[V] -C*>0 N atlV -T*-9(Dmi2ft#L [NX 

a] , vfay=.r*-^ow»aflE [m/ s ] t?*>5 0 
c^t\ y =r*-*<o»ajeafcatt, y=r*-*K 

[A] ^^Lfc<b#ic^C5^ [N] Sr^LT 
*^€«o^*ffiWt [N/A] fc:J:0*L 
"0>3^ iOltttt, [Wb/m] , [V- s/m] 

[0014] i8 fc^-TtMlSlHlKfi^/n: * 

fat>wm£tiz>i><DT~&>*). z<D*gffi\Hi9gfat>, y-r 

*on/± (v) y =r * nmrntomtismz. x z> 
p$thee (i xr) [v] t. mmmnrnMis*** 
^^la^KTiE (L-di/dt) [v] yn 

T^~^^igi!i{c:J:t)^i:^^^jEE ( a x v ) 
[V] fc^ftfcftD-frS TIE (1) 

[0015] 
[»1] 

±fE (1) ^X*i^f)ixTI/^ii a [N/A] % R 
CQ] . L [H] K-^i^at'fcl SEAoffi: 

[v] atwi*D«*i [a] (i) scfc 
[0016] ex h^tta (?^^s^fet^ 

6 fx hV^T-coSEBt) x [m] te. TIEco (2) 5£K 
a*-*\fc5fc:, P^i^v [m/s] <Of$Wm&lz£t)j£ 

frbtva o (2) S:^*3»t63t»Const.tt8[^H 

teu#<7) fx |> yffiit*$)§ 0 

[»2] 

x= JV dt-^Conet. --C2) 

*>w*«ik:»l-c, ±ie (1) *>\z.m^xm&to£m 

tf>* ^C^^Mvi^LT, ±15 (2) sSCig 

(1) aatjf (2) *«j:s-s<jai|[{cj:9»fcn*^ 
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^^ox^stim fx h^a*5gnifc*3»se 

*h>4»'M£B (f^h^fi«*^B) tt, ««Sf;tfx 

zztktzz. w^zzt. (2) ^xvnhtiz 
[0018] tzztK ntenT+u?9&mizjtft7* 

[0019] jWto«5H»i:J:S±e (2) 

^J-S^KSWMiygfcJ: 9 *a?> fetuses hyJEfifx 
[m] fi, ioSfti^t), fx h >£~>y k 

[0020] c<Dfrtb s (2) st^e>#btu6fcr^ h v 
50 fftfx [m] ^ ^hySBfi^it^tse^ 

-^SCftS^fctr^ ^fstx' *m^t. exh> 

[0 0 2 1 ] me>^«Jftt.31fco^TW3«r 

f 0 [0 0 2 2] »loS«*Xtt, ±K^h^«tt*x 
«r*rtt«»-e*> 9 , fx h >*U*±<&fc5iftjftPani 
(x = 0) ^LT^6 0 ^t, ^SxcDft^ 
ffitt. ±1516^ Par U75^ fx h ^5fe«ffiB P ^ "CeoSE 

«rIK« (x' -0) tLT^fi. ^oT, ffilx' CO 
*6*ftlfi. a^Mib^'WiMPav^^f x hV5fe^igp 
*-eoffi«Sr*r o »3«Hx" « % ±f5 fx h> 

sefis x " zm-rmmm xhv. f x h >^±^ y 

? KOfifcB PshSrJK* (x" =0) t lt^-5 e 
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[0 0 2 3] ^hyJEffiix" £*#>6iSc3?l;i 

cot°;*hW£M ( b >T^,&teiE) Pbdte, ±fEfg 

tdl^^-r^^&Sxtd^, JbfSfgl (7)J^^X±T- 
go. ^^h^T^mtLWPb6\^^^mtLmxb6t<D 
mfrh. hD-^ Lps [m] fr$itbhthZ> 0 

[0 0 2 4] £/c N hV^a«KjLT^5^«T^ 
h Vi^^iW&BPavf;^ ft)t'^ hy^v!i 
Kl-ifi^5v>/c^#(0fc 0 ^ h Will ( t 0 * h >_t£E,£ 

{&m ptdcom&mxtdfrib, ^ lps 

[m] <7}^C0:^£ (Lps/2) fctti/y l^^y 

gPavf*. JifSfgl G0^f^X_hT*te, fftf xav ( = 
(xbd-xtd) /2) \Z.X D^£nZ> 0 (2) 

<WiilPav£»ii (JDKjtt) £LT> fv*i^iS2^) 

x' [m] lcJ:«?^-rifr^:*B8»dS*aiSix-5 0 
[0 0 2 5] jR^T. ^yy^5/KfiiPsh^Mt 

i-£fg3(Oj^!^x M ict, h>tg«*^«*?j* 

ffi (»A«ffi) T-li, o^t). KA#^§B^Tt>S«lg 

^^^A/E^/cfor^L< /^5o wttfl, y^7=iy 
:7V 0 0^ KA#^KvNfc^ffir*«:^JE^0 

tit. v ~T*-?\^m>ffi$:%t-rz t \zx v ±czmm 
[0026] &<>x, ^<nytmx-tx. -zivrnm^m-rz 

[&3] 

mxa= or x l-k(x' +x a v~-Xinr) --(3) 

(3) *|C*3^t\ m«LatS»»Srffort>6^T»S!5«- 
tf>£Jf£; [kg], a ttB^T»flS*tcO»^0»S Cm/ 

[N/m] T-£>6 0 xav" 
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72 

te«Pav*-C08g(|fS:^i-t^T-*>6o £»bK. xin 
i" te s fc** h^*£te«Pini&^-»3 0*R3Kx" 

gPsh^GOP^Sgffli [m] SrtttOtfe^ 
[0 0 2 7] Ift^D^Sa [m/s/s] II 

/o (i) ^xmztizmmm&v c m /s] tia^-r-sr 

irlcjior. TIE (4) sSid^-TJ; 7«-*^-5C^^ 

[£U] 



BP£T-<7>sg«£^?\ ^2(^Miix' ^ftlx* 
[m] fi s (2) iOo^Const. ^O^-r-5-^lcJ: 
TTObSWt^RSm [kg], 
20 *#/<*tf>'<*£Rk [N/m] > v'll^^Kfil 
Psh^^t*^ hv+icftSPini^T^Sgffll^^-r, ffl 
3<7}/£^X" to^fftfixini" [m] tegEfci<Offi-e*> 

[0 0 2 8] fi£oT. (3) ^^^x, 
KtegPsh/^ibfc-* h>-S«^WfciaPav4-C^gg«IS: 
^i". Oftttxav" ^r^tti-r^r 

y K^*t55<J<ffiB) Ptd^f, ^3 co 

mm&X" O^ffiSxtd" [m] ±IE (3) ztKJ: 
^ 9*^^3COM^X" (Offiixav" (i/»>y^ 
y YitLW.Pshfrh¥* hVt6*B*'WSJ[aPav*-e<OJE 
^1) a>P>, Klw*^fcfcT^ hci-^«Lps [m] 

(Lps/ 2) OBItfft^yy^yKll^il? 

[0 0 2 9] ^OJ:5l-LT. y IszfXsy^Kzn 

Lps [m] t. h>Ji^{*®Ptd^, S/y>^ 

KffiBPsh^e><08BK^ LT^t, S3ll^x" <D 
«ffi*xtd M [m] d5Sttii$tt-5o 
^0 [0 0 3 0] 

[J6M*s»ftLJ:5^t53lH] L36*Lftd«5>, _bitb 
/c^Jfecoy ^7ny/i/j/ti 0 0C0t°^ hVfil^ 
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[0031] sfc, ±isy-r=iv^u S /i)-cot^ h> 

[0 0 3 3] 

[0034] rossw (»*«2) m&mi&mv 

[0 0 3 5] (»*rR3) tt. »*qil«Ett(0 
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— ^Offi*SfSS«jg^ffi*s. 9 0° RXS2 7 0 0 (D'P 
tfc><5 0 

[0 0 3 6] (|»*^4) tt s »*4i3SEtt<0 

[0 0 3 7] Z<n?£W (ft*«5) «t, f»^^4IE«c<^ 

[0 0 3 8] <fll*J[6) tt, n*gflfStt<9 

<ommm~r s as* u T«#&t:E*rai ^js l , 
[0039] ~<disw mxm7) t± x smmimm<o 

&&v>st*m*&&&tii-rzt><nx'&>z>z\b$:ifcmk-t-z> 

[0 0 4 0] Z(DWM (ft#JS8) «t. a*3Slf2«W 

IfEtttMJifcJ: 9»ai$jxfce>< h^a*o**WBt* 
[00 4 1] ;«|8ifj (|«3R^9) ft, !f*^l!E«JO 
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y -T=i v^ylHBIbiSBI-isi^T, JlIE-Ov^-^ 

[0 0 4 2] (»*S10) «t. »*«lf5«t 

[0 0 4 3] r.<Z>3891 HI*«9E* 

[0 0 4 4] Z<DftW (H*912) (i. H*3g9E« 

(oy-r^^^u-yf-igibSlH^jo^T, ±E-rw«— 
_LEf* h^aS^ffl^aiiJ: 
Ef* h vitaSSftfcSJtf'S h ^TJE^ffiSSr^-T 
±ET5E^flr«f»«atf±EfcT^ ho 

[0 0 4 5] rcO*W (»*?13) tt. »*S9Ett 
[0 0 4 6] (ff*«l 4) li. IS^Jl9E^c 
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ir>-*<b. ±E±5E^ffifi««»t/JbEe^ hn 

-tiiimzLX^xmmn&ftox* ±Et - *h>*£ 

[0 0 4 7] £G>38W 5) l»*«9lS^c 

J0 ±^k. ±ET5E^ffifi««XT/±E tf* h h a 

[0 0 4 8] r<D3BM 6) fl, R^39 9Ett 

oy-r=i>>^us/iMg»i^BJ-^^r. iEt'^hy 

B£^i-T^ffifif»**tfi*>-r<5 T^&ffiBttMftfctti 
ir t . ±ET$E*<fcfi«IRXtf±E hy^hn 

«»»lc:fc«-Sfc';* K^Ji5EjSffiBS:^1-±5E^teB« 
[0 0 4 9] ^<D$£W (9*517) «U 3»*g9Ett 

(oy-T^v^u^iMEift^Btc^o^r. ±m^>y<— 

<?<D&timm^m^^x±mt°* h>aaaitt^*5*+s 

ffiB»«*IIEaii-e*«^«t*«^fcr^*4Wi:i- 
[0 0 5 0] (If^lS) tt, %M9Ett 

*oaa«ifciwS<5^T±Efc'* h^iastbi-^tts 
h v*^B*^t-*'MB««*ifffir6*^ 

B««SEUi^^. ±E+'CHftfi««»^±Ee^ 

^0 ttB««*»Wrs«»*»i:S:«^fcrtSr»»i:-t- 

[0 0 5 1] r.O«SM 9) lt*35l 0/^ 

^Ll 2(D^^Ti^^c|S^coy — r^>^L--/^CQ^tb 

o*5ittBtwM^<fc5ISf^ h^*«-»-r6»tSfe8Mt*r 
*-T^> t3^T-^>!9. ±ET^C-fefi[fi««»ttl^Stt. ± 
EW w<-^*ij»«glcj: ?)jfc^Six-6±E-f ^s<-#(D 

50 a3^lft(rj:f9ffa3*ixfcfcr^ h>»ffco.**fi«^ % Ji 
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ley -r^yuyiHc^tt^ ±fEt o ^ b va«3i©> 

±1ET*E.£{4B«« £ It, ±!2f * hvo^Sffi 

SrJKUt5t©t*)S i i SrIWti t5 t©t*>« , 

[0 0 5 2] -<D%W (9*52 0) tt. S»*3S9IS* 
<D])-T = >7\syVmStimW&-te^X. ±f2fc°^h>' 

f2s ±f5y=T*— *<D, K^hyfiioSftliJ:?) 
[0 0 5 3] ^<nmm («*«2i) l:#6^7p> 

tiiStt$)ot, ±i2y ^T^~^^^mjEESt/ 

JERZfftJjmtitb LX*th%:ti. JHtt»^±IBtr^ h > 
"^tH»*«i:, ±f5^£&*9>$M S >?lz&ftz> x ±§2 

3 v:/ u ^^^q±aji-^?ftgt^^cojE^ £ _hie y =r = 

<h^6b: 0 ^ h W4B«:S»£ It, ±12 h >'&$M 
[00 54] («*S2 2) tt, 91*5 2 112 40 

* h^if+Ki-swffifflwsr^r-t-st^-efc!!?, ±12* 
*fs*Bffit. ±12 y ~r*~*tf>«t^ft£, ±se«m* 

tt*t*>'<*je» ±i2*<Wfi:Bff«£ LT, ±12 

*^f3fcaW«^Wffi1-5tOT-fc-5w^S:«Fl»ti--5 
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[0 0 5 5] r<7>*9! (S*9 2 3) (i, »*3g2 1 f2 

gttoy -T-^^^u^iMgid^aJ-^^T, ±i2y-r 
^ >:/ u ^i^^p±^^5^^(7)JE^^^t-5o±ttJ 
£E*fii*i^sfc, ±isy ^7 3yyi/^t^!8At5ft 
a^<Offi*Srtft*Pi-5KAJE*«i^a^*flg^, ± 

iB^^na:H«a»a^af± x ±SE*±ttiflE;*ji:±iERAj£ 

^OJE^Htc:S<5^-C±f2^^^f>±|2f^ h>l: 

mmt Lr±i2t°^ h is* ^«*^i-ffia««S:*tti 

[0 0 5 6] (Sl*fl2 4) tt. It** 2 315 

■flm»ttl*att, ±l2n±^jQE^ii:±l2P^AJE^^i±^ 
31 ±1E*fi«26»«*^-r*fg«jS»ttcS<5^ 
tx *frfiL#*a**>fc*;* hy|:ffffln, ±12 h^ffi 

;*J7^ ±K*'MfcBflM*i Lt, IBEAfflSfPi 
hyfil^SPi Lr±i2e^ h^wsa* 

^i*ffiaf»«&iFa^St^t?*>-5^i:Sr«F«^r<5t 
[0 0 5 7] 

immmm <o&mK &mwm-tz> tr^ k ^^^^ 

[0 0 5 8] *#^W^«^(DJ:5*y-r=i y^us/ 

zt^xv. *x b^m&<o&*:mm&m*titsx'm*n 

-TZZb&XZ. £b\zte~<D¥x b>m&<DMz*;&$g 
^mufco £XT, ^P^^l^llioPttft^t 

[0059] (mmcoj&m d mi a^mcommcom 
m 1 1- «t s y = r a >- ^ u j, iMg^a ^i^p^ -r 5 it & 

100 *wm-rz>mw.xihz> 0 

[00 6 01 -toy^^yyu^tMi 

tioni mmmiEb Lxmm.mEEvDc^^-r^m, 
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i&3£. ±te^ ?frt>}) ^r^y/u-^t i o o 
[0061] ±.^])=^T^^uy^mmmm.i o i 

I rffc£<5^T. 
ft, *tf>ffi;fiSfln dojgft»Fid#±K#Sffl»i»F 
r £-§H-6J: 5^v^-^»MW»*ScpJrj;9jK|»i- 

^i/^tioo o^ffijm® i d o 
[0062] ~t yy-wmmw.\ 0 1 

ft-^-) DvdXt/tt5*««E«ffl^a3<D«ltBtt5^ (iE»m 

vda^»e««tti«#Dcdo«j»x^ttp>ow»# 

[00 6 3] it^t, ifEy^T^yyi/ytitt^i 

[0 0 6 4] £U ±E*«H»»«aUi*^a5tt. 
±lE(OJ: -T 3 V^^jyiM 0 0lc*tLTf£ 

/i/ytioom mfflsttsfta^j-j:^, tr* 

5 h>-7 2 0^ffia*^'(cJ: 9* 

[0 0 6 5] *ZX\ #tRjnttftX^J» 5 (i. JE3££ 
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[0 0 6 6] *tBB»»««a*^«5«:. 4# 

120 0 0-3 6 1 3 0 1 ^WiBBS^Stt^J: 9 

[006 7] ftl:, ^fw<-^|j9g6, * 
^t6 0 -f w<-^fB*»6«:. ±E-T >/<-^2^$iJ 

[0068] *r w<-*2«u ±mmmi^h<omjEv 

dc 4rSit. -< w<-*ft9#jj«6 j&>$><o*f ^ fkMHS 
-§-Scp|;iS<5^T, j eoH»*dS±E*fifflft»CF r t 
f l^»tEVdM®l«I d^^73y/!/ 

*A>j«wtt, ffijuoxstwE (sat) stsesm-s, m 

[00 6 9] ±12^ 2 <D*flcW<ClE]»«fi8^ L 

Tfi. 0 2 (a) -0 2 (d) ic^f J; 5 Icl^r o t 
6 0 02 (a)&UqD 2 (b) IwTjx-f-l' tt^ix^. 

i MlSl7/u/y y/^-^ 2 2 tfc !) , zti 

[0 0 7 0] flJE»7/U^y .yC/>< >s<— # 2 

in, IlWi2^^f y^^^fm^2 1 a&t/2 1 

&&i<Di£wt&m®&ci ait&miz&mztitz^ 13 

WI5 4^^ ^^V^{e3JS2 1 cRXf2 1 d ^iE^J^ 
50 ««LTfr*S2<0fi^JjK«®BC 1 b^^b^^iX 
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TV>3 0 Crt% ^^V^HISS2 1 a — 2 1 d 

NPN h7^^?5^i$^-f S/f 1 

<^E^JS^[H}SgC 1 a &t>'C 1 b (DffiffilZMU 1 COil^ 
«EVDC^PP*DSix, m 1 OE^IJ^IeIKC 1 a iz&rt 
Z>miRXfB2<DX'f ^fy»2 1 a St/ 2 1 b CO 
ttft&N la^ *2^H^J»|K|sJKC l bl^«+5!B 
3RX*m4<DX<4 y^^^m^2 1 cRU2 1 d t^SiBc 
*N1 b i^Pfljc. *«rL^HM»i-5X*«BEVdS:« 

[00 7 1] Sfc. vi/«(ls/<-? 2 2 

fix flMl2^^f y»2 2 aM2 2 b 

*jSMfcsa«uT**jsi«>ittwaaKiHiBc2 a m 
9si<Dm9mM®xc2 aiz.&miz&m$tift* mR 

XfW>A(D^4 V^^y\B}&2 2 cM2 2 d SrffiWWS 

1 xtffg 2 oa^jsaaieiifcc 2 a xt*c 2 b <?)-*i^ 

asttAc-f^y^^^^*^2 2 e kfrbm&ZtlX^ 

Z> 0 Z.^X\ ^^7f>^0Sg2 2a-2 2d(t N 

pn F7>^^H/^^^f «>f s 2 ^ m 

NPN h^>-^^cD3i^ '^l:ry- KasS8&$*Lfc 

22^ ±m^>y? f^^m^-2 2 e(Dm$%t±mm 

l&tWB2OS^JSS«0&C 2 aWC 2 b <nm$kh<D 

mi^mm 1 <ow:ffimj£v oc & turn ztizt, mi <nmM 

B2 2aa^2 2b^»«to2ai:, 3S 2 Off^JSlJI 

2 cM2 2 d^M^N2 b £<Dm\^ AffiLfcEPflD 
■TSS5«E«£E V d &m±-tZ> i><DX3bZ> 0 

[0 0 7 2] 0 2 (c)XT/H2 (d)^i--f 

WW2 3St/2 4tJfe5 fl ^CT\ _b|B/N-^^y 
-y^-Y >v*-* 2 31*. ^^A^ilOlil^.I-IlE 
VvcXfo&b AffiLI:ifi + Voc/2j&*?>--VDc/2 

a:Sci;iEVDcr*fe^ £ AffiLK:tt+VDcd*t>o$-c 

[0 0 7 3] o£9, WZM'^— 77 V *yi?'(>>s<-? 

2 3te. miRTfm2<D*^ y^^ytE}&2 3 *R1J2 

3 b*iE^JJw^LT/jrS^i<^itJiJSj»i[e]KC3 a 

sat loe^j^tEissc 3 a ^at5>]^»asHfc. 

WHRZfm2<D*c-rs<>?^x[B]&2 3 cR&2 3 d ^ 
K^Hw*ittLT46*2 0iBMaSR|gagC3 b 



(1.2) 2002-354864 
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^S3£, iixl:iS?t^i^ii/c^^ KD3 
5>*ricSttT^6o ±lESfnXtf3§2^*^N- 
EK 2 3c Rlf 23d tt^ttt-ena V^V^ 23c RXf 
2 3d^b»*$ilt^5. r^-f W<— * 2 3f3, ± 
I5SB 1 RTim 2 (Dm&l&ffim&C 3 a XtfC 3 b (Dpi* 

M03§C 3 a t-i3*t5IBlX^2<0^>f 5.^^^IeIK 

2 3 afttf 2 3 btf>gjgL&N3 a i x » 2 (Ofi^JSlSIU 
/0 3 b^*3W5»l&aSB2(7)^^^^^^^!HlK2 

3 cM'2 4 dO»ESN3 b<DR8K N AWL^niDf 

[0 0 7 4] mJE^>-^^y jy^-f 2 

4tt, ^1W^2^^Y S^V^EWfc^ 4 aM2 4 
b Srfll^J^SNK LTftSKaWg^KC 4 a 

ttx^5 0 rrr% #^-f^fy^2 4aM2 4 

bfi N NPN^7>^^H^^^^S 
4i, -*v^iKafeM»«Sixfc^-<^— KD4 

fc. ±IB»2^^-f ^fy«2 4 b ^-r 
VD4(7)T;-Fkxy- Karate, ikffincmn 

[0075] tB^m^w^3. mm±>^ 

ioo(Dy^r^~^82 (B7#«) fcBiiD**L5>r 
3» >-^-^tH^a«t (y-ray^i/s/tsaiitjt) i d 
*ttaUUTfgi!i«j«t»tti«^DcdS:±ie8flM^>r ^^1 
0fCffi^-rstOT**>5 o vt^m*^>-^9 ^ LTfl, 

>^u^im o o^ig»jmM^^ai-r5^fe<!: ltii, 

[0 0 7 6] ±IBfflA«E*ffl^»4tt, ^W<-^2 
ofl"*—* ffi^m/EV d ©ijl*(iPWMilt*ffcS/S: 

tM$nfco-^7^/^/,f^n,>t N thorns 

»0 Jc*fLTPWMK^S^«!fSSrJfiL, fflBLteWfrtem 
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<. * 2fcA^£;h,5gSE«EVDCJ:. -fw< "O>5o ±IE t'^ h >^f£g x * fi x HI9^7F 

— ffflW&6frbttit)£ti,Z>'( ffflffltrnflrScpX fk^ h Pav^*f-t"-5 ^ hyfiiOS 

(Dmxm&vd z J &m-rz>JDfe^%.htiz> 0 [oosi] y^r^y^i/j/ti o ok-bm&sjt,*^ 

[0 0 7 7] ±EMEB^>r 1 0 te, ±IS£li^m^^ W<-*tti*J®fit (y ~T^-*fE»m$0 I dtt. f 

Sg»*EEftffl{f#DvddSA^*nS!B2 0A*flJ«^l I d (^DtfBte. h v tfXfitfl < ft* . * 

0 b t s ±IEJffift«8Efttt5«-^DcdS: fcT* h ^£«tti fc, fcr°* h ^2£&A x * , AX* t e * h ^mmm. a tt^rix 

^S8^ai*-rSfc«)OSBi ^ffl^flJte^l 0 c t, ± -etw e^hyMvl^59M> Xtf»#ffil::*t 

IEraB«JE«t£afi*DvdS: fcT* h ^i$««ffl^|ft 8 ^ffl J6t5tOTfc5fc«), y =7a ^f-^^tiig® 

^5fe*<o|g2(ottj^ffl!)S^i o d tSr^-u, ±15* «ffi-e*i. t^hyffetx' is, *<&tm& h ^ 

lnmxwm&i o c torn* Ax*±um2<DAjj®m x9o° m^t^tot^^ 

jSI 0 c t»i<aUjrtfflt&6l 0 d iroB8Sr#ii««*> [0 0 8 2] t";* h >-o51fb^S^;^ LTttt. St 

[0 0 7 8] ±iS*-f ^ >-^*»*»7f4. ±f5«8Elr (IS8#f!g) d*5>^ t * y ^OftflUJJlJ: 9*^ii-5 

^9d^<Dig©m^-^lf^-Scm(^S<5^T, y~ (1) 7&)*!&±rtZ>i>K #1^ y-T^y/i/yt^ 

7=i^l/ytlftg»I d^teffi^, 90° Rl/2 7 «WBl*»^*3*+6e'^ h VOjlift^S^ U-Ctt, ± 

o° o/>*< it-*^--iki-stt«^^5^^«:*jsi es; (D letter TfS^sS; (5) &i&3:TZ> 0 

1, $2(DA«^10a, 1 0 b fcJBl, m2(D& v„ = 4* (V!-Rx i,> ~<5> 

*«Sfil0c, l o c^**ii«lBi:-r5^^y^*y 

fiW9 0° tL<U2 7 0 a CD££fi&fiI££ tSlifc** h v <Offl®b%§> L< «;ttf. ggife 

5ii4rfi|flU ^»m^ffit@^9 0° 7 0° lSld(?)W9 0 o t>L<te2 7 0° T-^^<b^. 

T^-r5t>^T^5o [0083] OH £ <D V ~T a Z/^U y+M 0 0 <D 

[oo7 9] tii:, tr* h^m&n^msizi^^x temmrnvtrnxn^ ^>^m^m7\zx^^n 

mod®** $ >yiztert%sc>>s<--#mjjmffi. i d mztz* ^<Dt^, mmmtiti d©a»ttt^ot<f 

^tt^^ttt**^. -^^^ii^T-amiltb-r^ h [00 8 4] ^oT. y -T =1 U iy^5*SK»tt 

&t** h>M^f^K$:^tt^ h>5t -5 (5) S:^fi[-rs. /^ib\ ±15 (5) ^Icio^^S 

®ftiaipve^tb^-r5t>toT-^^ 0 Rv&a%R i tt-tn-en. ^'<—*&t>mEEv do 

[0 0 8 0] ttt^r. ±IEt'^ hV^gj|fctJ^j£8T-(0 ^MV. M-f^<- ^ tB^m^ft I d^i^tl 

vtrnxmshztix^zv ^T^isyisyv-tD&mmmiR so ?x<D4 w<-^ttj^mn:vd (i^iv) ^miv 



-13- 



(14) 

25 

1 [V] ts Z<D#<i $ >#X~<D4 \tit>mM I 

a (aifctti) ^^B#{a:i i [a] y~r^-*& 

a [N/A] £a>e>. h Vi^ff v (0**Jgffi (ft* 
ffi*fcj**/JvBD vO [m/s] j&M*tf>ib*u5, 

[0085] *nm<Dj&m kdv =-r^>yuy 
fi»Kt lorn mv^r^^y^y^mmmsi 

0 1^^4^3-5, 7, 8, RtM>v<-* 
ffiU rtte>O^S3 — 5 f 7, 8, RtM^-?l! Vtf 

[0 0 8 6] *fc. ±EH«OJgffil<&ReB-Ctt. #9 
^1-<iT<5*:s!>, y^ra^w/tBWStlOltt 

/N-K^r^piffi^s/f i o^w-re^^^bxt^ 
-v-mmmwi o i &«/£*jtg-c*>So 

[0 0 8 7] W&tf. ±8EBBH^>T OSr/Bi^Sft 
4 Sr. ±12^ >f f 7 di/ y ^7 3 U 5/ 

[0088] fricmm^^'xm.w-rzo 4>'*—*m 

*»»P«** LT-fy/W 2^fW6S^S. 
[0 0 8 9] -hfE-YW*-* 2lry^U^fg-^-Scp^^ 

[0 0 9 0] ±IE>T * 2 fc LT, HI 2 

(a)ic^-rmEE^^^^y 2 i^^5> 

nt^5 »8\ ±IS-< >v<— * frJ$J§* 6 frh (D;</u*m 
■S-Scpi-i. w<— * 2 ll^ltS**^ ry^^IUSg 

2 1 a-2 1 d^rMt6NPNh7y^^ C**f 3/ 
^^SfiT-) S 1 <Ds<—*lzE\)1m£i%Z> 0 T&b. ^ 
lss<—# 2 1 "Cfi, %$l&l$m4<D*4 y^>^^2 

1 a&xf2 1 d^yfy^S icoytiy^rym^F 

^2Wl3^^f ^^>^03§2 1 bRU*2 1 c 
60^^ y^^H^S 1 ^^^Bfl^rtMBttttKtT 5/? 



4$f^2 002-354864 
26 

y-KNl a 2rfB2 0K9JttftlsMC 1 b<ot£i^y- K 
N l b i^mt-'f w<-*ttja«JE I d <h It^ffil 
I£jWS£U ^02SS««BEI dtfy =73y/i/yf 1 

0 o^y -r^-^iriEibm/E^ L-cHttD^fts, 
[0091] y^^y/u^tioom y^r^r 
-*fciEB«EEI d^PtoSftSi:, tf * h >^f±«]S 
tt*SMtt$*t* *4>flL y=73y^yfl00OB 
B«lB*^Ufci:*, Ky -T^y/i/yf 1 o o 

««-e*>-5*SKB«ffit*6 0 wC0^r#, y-T=*V 
^u^*i^»$tt€>SEBm«El dtt, «»*V1^9^ 

^a 3 xrw 4 s 7 i-a^ $ tiz* 

[0092] -rzt. tB*«se«a*a 3 -e«:. 

^ai^mffi. o*t)y=73^i/ytioo^ffiiit 
m 1 d«s^ Eima* (igKms^ffifi^) Dcd 

j&s±l5MBB^-f 7f 10^1 ^A^flOS^ 1 0 a icffi 

0 b^ta^jsns, 

[0 0 9 3] _blE^-f ^ ^^tt*P^S 7 Tiis ±IE«Sf£ 

SKI dtf)titfBJ&S9 0° fc5l^2 7 0° 

4 1 0 (Dm 1 XtfSS 2 ©A*«*Jtt lOaWlO 

0 d ^^*iit^ffi^-r^^-f 5/^»M«*ScsdSKBBEfl 
*4 y^l Ol^tU^^tv^o 
[0 0 9 4] ±f£^m^^ y^- 1 OTMi, ±fE^-f 

A*«*jftfca*l«jKfc^^«ttfcft5. 

«aei d^igibmiEvdo. ±iEtete^-r ^ v^x*^ 
it fl»H#fit) r 1 v 1 ^ t'^ h va«*ffi#a 8 id 
a^£n£ 0 e^hymaifism ±e (5) 

B«JSE^»WFffl[ I 1R(/Vld^. h VitSoStiS 
tvm^Sai^^ RJKKffiSr^-rf^ h^5Sfi««Ip 

[0095] *mi&<otem<oy =T=' y s 

yuy^-mnf&mi o 1 -m. y^ay^u^tio 

O^k^ h^ffi«31Bd5*lgttffit5:/jr5*i5ffiB«ffiT* 
IEBL, r(D*lE^«-cy=r=a>^!^s/*iBB««tI 
dOW9 0 8 t)t<li2 7 0° ^^-5^#<OfgBm 

ffto^ffiv i [v] Rx*mmmffi.(ommm i i [a] 
£$j5eu ay^stufcKB«jE<owiii#fflvi [v] at/ 
s»Sffiw««p|ti i [a] y-r^-^o*^ 
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27 28 

SPfflgfiiR [Q] RXf*-*<DfeJjl£ma [N/A] t te#fc<5 0 

mmm^(Dm^mzm^^xm^mw^rf<>x ex h> m^i3:^>'/<-^27!)^ai^^tbT^5£ij^ 

[0 0 9 6) HJS^Ig 1 TNI* l^ibm^Id(D >v<-* 2frbftj3£tiX\,^Z>tti£>m,%tl dOifa^ 

pu^nai i [a] ^t>*ig»)mjE^^itv i [v] £/s <t N ^/<-?mm$5 6frb<D'>( >s<-f®mm%-scp 

it^vnmwi&^x v ex h ^m&nmxm&vm&^tti ofi^^o° tu<«iso° ^/^w^f;y^^ 

m^<DWi^^^no^m^^\ -ofc^> [0 10 3] ±mmM(DMmixn, exh>-sg 

U-fEttfiSE) I dOffitB^so 0 M2 7 0° 0'>#< [0 10 4] fKmfciRW-rS t . HBRI-tty =7^E— * 

o ooigifem^ i do«fbi^Di*5tt«^-f s > ^**«ufcrt»«tt||[*rja««jEUfc«i:«:. -tiaex 

^-r^y^^ix, mmmffi (<<>'<— *mt)wm i [0105] r^-c> z<Dft&mffim£&mffiiEi-z>M 

[oo9 9] s/t. ±mmmm t m Wft-frnxm 30 &k —fflz&m$tizmax-i>z»£. 2o < c-ciM££ 

fie) I d^oSiSm^^S^^^>^^^{±5-r^^fe ^fc&ttMR 2 trcoirtcoSfeifflR t 

[0 100] £e>tc. ±fE^JEtf>Jglfi 1 -Cli, ±15*^ ^^C^ay^L^cK^ffl^ Lt^5^ ±IE**«» 
5>^UM3n*R7tt:, ««HzV1f9<D^~*aWScnil:: y -7=i ^^UyJ-«D»E«tlBfcrt? CTttjEi&JaS: 

01270* ^*6<flr*B^>r s ^«:«ai-r5<><o-e*> 40 y=r*-^<Dia«i^jscfc«Hj&3isr2fiLrct><DT*> 

sa*. B^^>;y^ttftfa7tt, ^/<-^W»6 ottJ:t\ o^o. ^ggic«:y ~t^-*<d^#± 

^^>itj^$ne-r ^ 2(o*jwt ^-T^6^^/ux{f ^t6i:ont, jt*»^»tt«^i-5, wixfi. y -r 

^9 0° t,L<J12 7 0 o tt£Z>{?i.n*-( * J:oT«*t6^t)t-*)5, y-r^->?(Dia 

loioi) {iico^ w w<-^«Mw»6**6ai Sr. ±ieex vi/m& J &\ti®m\^xm^*z>zh\z± 9, 

^$ix-6^>/<-^ 2<D®mm^- (/</ux{s *§-) Scp^ ex hvaS<o»iRtt^: LTJ: -5 C <>:^ 
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(16) 



2002-354864 



29 

^u? 5 fx k va«imi*» 8 «c. *»t)5g£jh,5<6* 

tfttbhtitcVx b ^gi^S^^T. ±td.V =T=e-* 

[0107] (mm<Dmm 2 ) m 4 n^m^mm^m 

l^ytBll»il0 2fl, MM<DM1t& 1<D]} =-7^>"7 

fasicj: o#«>&jfcfcfc'j* h^aarottasitv 0, x 

^SjJSiftScF d N Tx fx h V&«j1Rj<Z>x h o 

— ^srwau Kf* h>x 

ho-^f#f&Ipst£aj?7-f 5fx hn-^gffi 
/<-^fW«W6 fl, _hlE^fiija»t»«« 1 rfl:S<5^t 

-r >v<— * 2 £x-r ^^v^-r^ pwMiit scp^/>> 

P WM{f ^ S cp <^ </U X ftl I - J; 9&:££±f^f >v<— * 
60 JilEfx h>-X hP-^ftilft4 

ok a 7hy^hp^M^4iii, yN-K^^ri^ 

[0 10 8] J2felC»ffi;o^T^t5c ^^HJfi^Jg 

* i $k*v<om&<nwiftn* ±tzm&<Dj&m i<oy =7 = 

^y^y^mW^mi 0 1 C*ilt5toiRI-tfc5fc 
[0109] y =7ay^yti 0 ort-ca«S«Ji" 



30 



JO 



20 



5$g£ co [rad/sec] % f X h XO&&<DmXM 
ti^rxm [m] , fx h ^S«*«Mfc« Pav (EI9# 

HH) &mwt l/c fx h t fcr fx b > 

(t) [m] ^i-6^r. fx h V^ifix (t)fi N «Rt 
[sec] *W&t\.X, TISO (7) 5t';iJ: OSSft 

l$C7] 



xct)=XnjXsinw 



f* h Va^SSl^ftit^^co [rad/sec] x f 
* h^^tOS^c^I^r vm [m/s] > fx h >RR* 
(B*B8 t In* ft 3 h ><Oi&g) * v (t) [m/ 
s] fx h V^pagSv (t)Ht, Unt [s 

e c] fc5Cftfc-r«jEaRH*fcJ:5, TIB^ (8) ^ 

[IS8] 



v (t) = v B x sincu - t 



* fz, fx h ^Sffil x (t) tt, f x h v (t) 

tlt^c: Lt, ±12 (8) ^J:DTI2(0 (9) ^ 

[*9] 

x(t)= Jv(t>dt 

= (-s'noJ - t) ..-(9) 

^ttv (7) j£t (9) ^iw^hyjuiix 
5<7 (t) &mm-Z> ts f x h xmlt f 

^ h>-5£S^^^c^*Ivm^J: t)> xin=-viii/(oc!i 

^oT, f7hygfitofi*g«xlJl [m] 
fi, exhyag^f^vm [m/s] Kjf^ft 
»* co [rad/sec] J: 19 H:J:ot 

[OllOloSD, >'<-*fflffl$&6X\^ ±15^ 
SJaK»«« I rficS^^T^ >v<-* 2 ^rx^f 

«owiaE ^ttfc p wMiit s cpzjw ^ mmmmn 

40 ^hX^X^i ^s<-* 2\z&Jj£tiZ>bkh\^ iPWM 
dftiK ±IEfx h^x b p-^SHjfS4 licffi^^ix 

[011 I] f X hVX hta — ^*ffl^a4 1 

T^i, fx hySgSffifg8^ot'? h yggft^a 

^IHKiSli6»««Idf«rS^. f x h ^5SSf»« I pve 
5/? ^i"fx h^iSg^ft^fiifgvm [m/s] fx 
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h>tt«»tt^ftaftoi [rad/sec] \c± Vf&m-Zfe 

«31lKi<7>ftiSffa) [rad/sec] « % JrfE-f >/<-^IEWj 

mm<^/il2S^Fd [Hz] 1^2 

[0112] ^ LT, KITtti^»4 1 ±SERS 
»»£J: OW&axfcfcT* h^£<4*<Dft;*;Jgffixm 
[m] *^i-««i:U-c, hva«»»ir*3»t-6fcr 

[0 113] roj:5l-*H^6^lg2 0y -T^is-y 

u y iwibttB i o 2 -en, mmmm i<dv~t=>^ 

x.tz<DX\ r^k'^hyxho-^l:!^^, y=T 
^^u^iHr&ttS hy^->y K^«7)lij 

[0114] /^4b\ ±!ElQ6a>fl2ffi 2 "Cfi. y =73 > 

o 2 ttx, ^i^n^y^/ 

^^^ylfgra&SSBi o 1 |^*5t ^r, t^hy^hD 
-*&mtiTZ>^&4 1 «r««jtfct><D«:^Lfci&K y = 
T^y/i/ytiEigflt HS^8(8 2^y=73> 
^i^^lMgSbSIl l 0 2|r3o^T. ^^ire^h^coT 
5E^fi:«pbd (ia9#fisj ^^-Tit^^LT. v-yv^ 

KteBP shrift 0 * h>T5E^i«Pbd*-C^aE«| 

d" ) ^»«*a*r6T^tt««*ai^»i:, ± 

[0 115] ^C7)^ v ±Ki*W#«l;:J:9, ±EtT^ 

ps/2) ±IET5E^Cffi«««^-r|ff x bd M (El 9 

Pav4r^i-JB3^ffi8l3RX" h yjftix 

av" (IU9#R8) Sr*fflt5Ct^-e#6. £ 

[0 116] *t -LEflljr*»U:J:!K ±ET5EjSffi 

D-^itw^tt^ h b (lps) 

^3«^x" lc*5*t6hT;* h>'2&£xtd" ((U9 
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#BU So reoXfir*xtd M IS, 

>y >-^s/ K^fetr^ h^±^ffiB*-e<ogg(Bi-cfe 

Sfc*. K^fiCft*>5> b^t >V ^y^y b*<Dffi$Z 
[0 117] r^T\ ±ET5EA(4fiW«Ul**a<oA 

70 >y isff^y KfifcBPsh7&*?> h>~RE,£#:BP 

bd^-C^SgBtSr^i-ffirffli: Ltffi^t^TJEjgttfty 

* h ^TJE^BO^^^ng/jrffl^ u ^ v?4B6oafcv >M 
[0 118] ±ET5E*lffiB»«tB*^«Ht. 

* h>a«2libJc*3ftefc^ h >T5E.SfitBS:^i-T5E 
[0H9]*fcSbl:, JtETJE*ffiB«»a**» 

-fnftxmiERvtttizimfttcomi&mt. ±E^hy 

30 tfrh. ±UT¥EM&mm^it UT, ±E^hy©* 

[0120] £/c, liay^r^y/i/iyf^sigg 

HSo»(B 2 o y =73 y/i/ y f siSi l o 2 
tc^ji>T, $ e>i-e^ hvo±?E^ffifiptd (ni9# 

BB) ^^-TW^^r LT> v-y KttB P shaft* 6 tr 

40 *b >±fE£tem Ptd^ T'OggM (i^ 9 ICt^-T^ 3 co^ 

ti^x" -c<osctt*xtd" ) <o«**a*-rs±5Ejfttt 

E±*E.«4fcB««lw*-5t ^r egSiJfH^ ^fr 5 8[I1l^!& ^ 
[0121] JiE«K^«ij:j: ±Rtr* 

h >^ h D-^fta^-r^ hp-^i^^fi (l 

psX2) ±^4tBfSl«d J *-rtt x td" (i9# 
fig) \z1iuni-Z>-t^£*). fx h>^*,L>fijrBPav 
^^-r^30J^tl^X tt Jwioft6^g:xav w (09# 
50 BS) ^liBf^^i^T^^o 
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[0 12 2] *fe, ±E***RfcJ;0, ±E±*Ejft4fc 

ho — ^ffi«d^i-bf^ hn — ^ffl (Lps) SriD 

fcKJ: 9* h^T5E*ffi«Pbd«:*i-!B3 0 

6:i^t'^o rco^fcgxbd" #1. ->yy^yK 

teH P sh*- h >T*&fSffi« Pbd £ T-<Dg§$tT-fc £ 

[0 12 3] rCT\ ±E±5EAfit«««a**«©* 

^TtiJ:v\ £<£>±*E,£{£gi? v^tt, fcT^ 

tcioi/^x. t^hyiit-WitPav (BI9#fia) ^ 

tMilt, V^—s/ KffiBPshd^fc: 0 ^ 

«*'CM!fc« P av£ (El 9 fc^i-fg 3 

X" Wffitxav" ) SrttJ^f -5fi«*^«««» 

t> co "C£>o T t> J: 1/ \ 
[0 12 5] CC>4§£\ ±IB8tJPFRfc:J:!K ±«2fcT* 

9 0m \z1)Uz_Z>Zb\z£V) ^ h^TflL&fiSPbd 
^^t!3(7)IIlX" M^tt^teSxpd" (H9» 

iicj: 9 > m^^mmm^-rm x av- (H9# 

ffico^^fi (Lps/ 2) SrJMftSCtliJ:^ fcf* 
h v±^E^4il Ptd£r^rSfl 3 offi«^x" fcifcttS^ 

[0 12 6] fc*5, ±IBS«+*fctt«4r^rfll« (~>y 
isjf^y KffiSPsh^^f^ hv«i|l+^«Pav*-C 
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[0 12 7] ±|5HJfi^jg2-e«, t°* h^3t 

*fej&»C»M5£Lfc|E3E«i Lt^6^ ±12 

-^eo«l»t^^*jy hi<alB<0i»K«B«li. y~T^e 

jo z> 0 ztin, y ~T^—*izE\}iw£tiz>nmz£oT£. 
[oi 2 8] ti-e, ±8s«*4>'LHft«w«»ai^« 

It'll, ±E«*«*^ffl*. ttmiil^lWUftfa^J:!? 

[0 1 2 9] ±15 fcT* hn^^lS 

^r. ±!2t - ^ h>3S*<30ft*fii|SlwS<3i^±ffifcf^ h 

[0 13 0] (HJ6^«<»3) 0 5Ji*»M<OSUfi^« 

h^a^rv^y v^^^ttBPsh*S2pi: 
«^X" (EI9(0»3^ffi«*) ^*Mt^^r-C^LTl> 

[0131] Z<DM1&(DMm3<Dy -T^^-fUy-V-m 

mmw-iozn, ±E^»o^i i o !i -7 n y ^ i/ y 

IMKSJ^B 1 0 1 iCjo^T, ±12 1 0 ^ h ^a*»ffl^R 

>T^ffi«Pbdt^BB08B8i«ai: IT, hv* 
3tffi« P av ^rff^ t tf* h >T5E^ffi« P bd^Xffi 
Sybd" (B10#IJ *»UL. ^^ffi««*S:fcrx 

ta^©5 i &«;tfcfc<E>-cs>5 0 ±ise^h> 

50 PWMft-^Scp^/>Vux^I^^M L. &'</\s*%g<Dmm 
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£jftfcpwM{f-i§-scp£-f w<— ^mm^mm^t it 

[0 13 2] ±IE-YW<-#BBKiffltt*Fdrt:31 

fflfSS 111 ^-K9^rteJ:9»/aLfcfc^fco 

[0 13 3] JWc»flsfco^TKW-f-6 0 Z.<DgM<DJB 
!S3(Oy =73y^Uj/t»iSll 0 3fc*m-5, ± 

[0 1 3 4] ±12 y =7 = y^l/ixf 1 0 3(75 y^r^r 

it, Ti2<^ do) 

[ISlO] 

m x a-hk x y~=ar x I — >9 (Pct)-Ps> CIO) 

do) mzis^x. mte&mwW}^T*<^z>*imu#co 

^11 Ckg] TifctK a«Ra«a»LTt^^T»SB 
**tf>RB**PS££ [m/s/s] -CS>5 0 ktey=7=i 

^u^iMiti*a*^Tir^3E»^^<*3e» [n 

/m] , y" tt/<*^^Lt^4v>tt«t©5J»»» 
£>ttB (fcT* h^*£ffifi) Pinilcm-5"STK)lfl5«-^) 
Xti* Cm] . ctttV -T*-9<0%thm$L [N/ 

[A] . 0ttfcT * b>tfT<DWrWm Crn-m] , P (t) 
ttffiHSSf*r&Wffi2> [Pa]. PsHt^h yfllflKD 
(KAJE) [Pa] T-fcSo 

[0 13 5] y=73^i/7ti0 3^tf^hyas 
T*EjK{fcBU:#fc£#* ffi»Mrt«^JE*ttK7JE^^ 
( do) *t) icfcJts^iQ^awi-^otft 

[oi3 6]^ot, do) &.<D&mm i js<o*Da« 

a tt*Di££«;*:ffi: (a = am) % %z<Dtzm% 2 3Stf>SI& 
y" ttTJEjftffiBoSCtt* (y w = ybd H ) . ^(D^iU 
!Bl*»a*iZ2fB2 3Stt^ci (1=0) (1 

o) ^boT, (in stswasriha. 
[»i i ] 
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36 

mxa m +kxy bd ' = 0 —(11) 

(1 1) xfcKfci^T, amfit 0 * h>*D5SSO«*ffl [m 
/s/s] , ybd" lit - ;* h>*:£&HPini£g2it£ LT 
^$ixST5E.feffi«0^ffift [m] T*£>£ 0 8£oT, t° 
^ h^D^gcOft^Sam [m/s/s] j&S3ft**itf. (1 

1 ) J: 0 % T^fettS^^-r^ffifiybd" (0 1 0 
#R0 [m] (l*«)5rim6„ 

[0 13 7] h^D^S^S^ttam [m/s/ 

s] (0#a0^fcol>T»9J1-5o h >*Da£S a 

70 ±umm<DMm 2 -caw l/c h va^ts x (t)xt* 

m.*a> [rad/sec] x h ^iB5fik^)S«*^:ffl* a m 

[m/s/s] . V* h ^*D&Ko»B#ffi£: a (t) [m/s/s] 

h X6D*«ttl*IB t [sec] ^tat (12) ^ 

[0138] 

[mi 2] 
9/) B(t)=a«xcosaj - t 

20 =(v (t} >' 

=o> x v rt x COS <a) ' X •■■(12) 

(12) ^.frh, am= vmx a) jri^5Hffid s JiK9 £0:: 
ifl«e>^t?*>5^t?.. e^hyjDMtoiMam [m 
/s/s] lit^ h>iSgooSf|®S^:fii[vni [m/s] «t h 
VSBBxoAigftco [rad/sec] <£>®tc J;o X##> bti 

[0 13 9] *H16^jB3^>r>'^— ^*J»»6 -C 
H ±iE*fifflJSift«« I rf ^S<5v^T-r ^ 2 ^ 

tt x K^/^«OBME S tbfc P WMfS* ScpAW 

lc. KPWM«-S-Scp<Dx</u^iH^J: !9^6±f2-r> 
2 offi*«/EXl/tti*«JE^JBK«:Sr±SE>r 

[0140] -r^t. ^nwis^u-r^y/u 

!yiMgSi3^B 1 0 3lc^*tST5E^B»a^a5 l T- 

w-^Ktt««t*«« i df S:s»t. tr^ h >-s^jt$a 

I pvej&s^-T h >Iff«)**»« vm [m/ s ] ^ . 
SffftaSo) [rad/sec] W W<-^K»JSift»«« 
I df^^"T>f >^<— ^igife^J^^F d [Hz] ^ 2 71 $r 

(cj: ^(ag^f^aiii [m/s/s] ^Sdd^n-5 e ^ 

±|ET^.£ttB*ffl^!fc5 
«*»«am [m/s/s] t HJiba^c7)±SSm [kg] t 
50 o^gL^^ S.I/^^m^{dJ:!9^e>tt6fif^r> y^ 
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X K> TJtmitM P bd £ yn-tmir.m. y bd" (Hi o # bb ) 
[m] «:*fet>ix5„ f LT, TJE^ffig^tb^lS: 5 l 

^ffifiybd" [ m ] ^■rmm-Tw.mtLm. 

tf^Slbdct LTtti^^nSo 
[0 14 1] rc < t5l^lofi 3W y- 73> . 7 . 
^ ^-tMBRj^M 10 3 r-14. fx h >-5g^tti^|5 s r* 

nhtifrt'* t>mm<DgL*Lfe$gvm [m/s] y=r 

^SfEKi^zSI&F d iirS-i^r, fx h >-T5E,^igP 
bd&Tjr-Tf x h V^igt L.T, fx h ytfifitP in 
i t fx h^T9EA&m:Pbdt<omm^-rm.yb(i" 
Cm] Z&Hi-fZ>TjZ£MW / gtii^®5 l*mz.tz<0 
X\ fx h^T5E,^igtf$B(cj:(3*Sx^oActo^fi 

[0142] mm<vmm4) m e li^iqonjgto^ 
^ 4 ic j: 5 y = t =■ >- 7° u j/ D-mwims &m m -r z tz. * 

t-->f-iE»^gi 0 4(a. ±mmm<DMMi<o<j -r=> 
^^tioiwt masi, mm 

tlr, tB^m^£ti^3 0^tb^ (IE 

mmn&toig^) Dcdds^-c. t-^h>tiiio 

<P'iW£gPav (0io#d) <K>mZMiyav" &&ttiTZ 
^-L^s^W^e 1 ±fef'Lvfi:gSLtti^6 1- 

[0 14 3] CCf±IEM^-j/f lift, ±I2ffi^ 
1st. ±!EIEi&m*&fcWt-£-Dcd£* 

•c.*te«*ui#&6 i-tB^i-€.fc*<oa^«s.si i b « 

iSrlTU ±|E^-f $ V^&fc^^a^Ofcanaj^T- 
i i a irttjyjflijgMs i i b k(D?$t:mmvimhz^n# 

[0 14 4] fcfc. ic75^^|g4 1? , iN ±ft<p.L-fr 

[0145] ^irft^i'o^riftBfli-^. z(ommcom 
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v d (TDjsizgn&f^ t-x h 
[oi4 6] w*««a*a^«3-ctt, 
jo mm i d«*«a**u atom* omntttttu**) d 

cd^±IS59^xW yf-n <OXtim&M. 1 1 a irtiW $ 
[0 14 7] ifc, -tfE^I- S ^^«btD«K 7 THt s ± 

*«»^ 1 1 a i£B^«iJS,fel 1 b .5 
f^«!l»e«-Scs*SRHIB!^y^i llrffi^^n 

20 5„ 

[0 14 8] ±%mm*^y1- \ lfll, ±|HX^^^ 

W"*** t til 1 4**»Rg t * 9 , ±IEigS) 
filffil d». ±iE&ffi^^ 5 >^T*<Dffl (PBfja) I i 
^JtfS+'L^&BStH^ 6 l IztUJjZiiz,, 
[0 1 4 9] f'C^HSfta^Se ITU, ±|E 

TfiEW (13) ^e,, fx bxpiL&mPini&mm 
t L"t"S fx h >^*I4 l 'CH4:|tPav<D^£jayav" 

^SittL-T±iE (10) it:^j*3i:i-5„ 
[0 15 0] C ^ J: 5 ^ f x h VSHgaHSIrfc-its , y 
=7'3V^U'j/^tA/;-*-5«IMWe(0{saBai, 90° 

>^-m, fx h^Daga [m/s/s] fl-^a, f x K 
^'pVciig P ini £Mm t -tz, fx h >im P o»i 
» y" Cm] It, e*h>-<P±{tLmPini&%Wbi-Z,t' 
X ^^^ifS^P'WigPav^^&Jlyav" 

[0151] z\comm<r>mm4X'^ i>=-T=>>^u y 

1 0 0^PJJA#*sgS#, ffi»*rt»ojE>!jp(t) [P 
ajasjSAffiPs [Pa] i^L</i5J:5^ft$^T 
^«fc», ±15 (1 0) i&ZftS_xVi#: (1 3) tfi[SL& 

mi 3] 
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cooxt (13) J: 9, H>S«*.frffiBPav«>»fc 
iyav" [m] 11. y ~T a ^tWAASat©* 
^*ilm [A] i y=T*-*tf)flt;*35e»a [NX 

k [N/m] iaot^t5iIMa 

[0 15 2] rcoJ:5i^HiS^^^y ^r^^^u 
5/fl»iSti0 4TU li^ii^y-r^y/ 

(DmmWttft I d<D{$[&&9 0° W2 7 0° <0'J>t£< t 

»B$filIm [A] lcS<5^T. h^fi«^*£Hiia*r 
^-raCffiSyav- «r»ai-6*iHft«#a^«6 

# x tr* hva^a^+^apav^m^ffimi-^ 

dOfiffi^, 9 0° M2 7 0° ©*4<tt>- 

S^ttiX, -f w*-*gg»j«flc I d 

7^>yi/5/t«ii0 4ii ±ia-rw<— ^ffift 
[0154] £.*>»g\ y-r=»^yu5/iMg»isa 

±E*<W£fift*|?aj^J&£:, -hfEettiiJE 
^) £ ±IEi»AJE^OJE*SI«^S<5^-c ±IB»a#^^?> 

±Ee* h>^f^ffl-T5, ±iEt 0 ^ h ^a«3i»o;frr6j 

[0 15 5] ±E*'L^Bff«»m^li, ±E 

nt£t3ffi^i:±EKAJE^«OJE^IIt, ±E#tSJBtt»« 
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[0 1 5 6] 

5y=.T3^uy*^»^B^J:tttf. e^h^ 

-r5y=T3^U5/iMB»3SBT-*>oT. JbEy-T 

*«a*ttj*i-«*fi^tt»««ta*^at, _tE^> 
««ia«-9-*tti*-r5«««ai*ia:t, ±e*h^&$: 

W*JciS<5^T. ±E-Y ^aWIIJEJfctf 
fftt, ±E«JE«taf5#»U ? ±E««c«ltafs-g-«:S 

mtst^ h^amtfflfsittifcot, y~ 

j0 [0157] (»*«2) \zxtif£. m&mi 

E*6oy-r = ^u^^ib3SBiw*3tNT. ±E^^f 

^ >^*ft*«tt, ±E«j««ttifI-9-^«<5v>T. ±E 

[0 15 8] CO«§B «B*«3) trjitttf. 
^ E«ttoy-r = ^U5/lMgibSiBi3:fet>-C. ±E^>f 
5>^«*i^af*, ±E«SE«fflfs-§-^S^>T. ±E 
>T ^^<-^Otti^^mM^^^. 9 0° &t/2 7 0 
0 "fct— *ott*fc4-5tt«^>f ± 

[0 15 9] (IMtJf 4) If^3l3 

5(? E^c<o y -r=i v^uy-^SE!Bi»B[-iai>T. _LE-f ^ 



-21- 



41 

[0 16 0] (»*«5) fcjzfttf, M#94 

Steffi ds«]E £ titc^ * j§Bft$ij 

[oxen z(D&w (»**6) icj:*ttf. $mmi 
h^3*«»ttj^a«t, ±i2y=r^— ig^ir 

[0 16 2] (W*K7) ICAtLtf, 

srisu mmmmjE^m^Mi.ft^Mi&ms.b. ±12^ 
ts ±Ki) -T*-#comt}m$ch\zm<5\*^x. ice 

[0 16 3] £<D38W («*^8) teAfttf, R«9i 
SKKttlflyiXfi. ±IEy =.7*^-^0, Btr^h>ig 



4 ^ 
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[0 16 4] £<o»w (M*g(9) fcj:iitf, MMtVi 

* Mffstz ct 9 jfejg sns ±ib-< >s<- ?<D&z>m 

[0 16 5] £(&$60| (1)1**1 0) HiM, fit** 
X. ±12 b 9 ^ hva«»«HC*5«t-5 h>T5E^feg 

[0 16 6] (»**i i) icj:tt^ m&m 

9mMt<Dv=T=i'7'u^m®mm\zis^x. ±tz^ 

x. ±i2 1-^ hvffiaafttefcMt^f^ h>T5E^4g 
h^Wftamw^a^u^T, ^r^y^yt^ 

[0 16 7] Z<DftW 2) I^J:ntf, 

gE^ii^ra^i/ytraMi:^^ ±12^ 

mjERxfitHfimmnffltiimk, ±^^ h>mstn^ 

±§2 tr* t*>'&mmm\zistfz>z''x h>r^aa 
? *^rr^^tea««srii[tt5-t-eT^{SB»«*ai^ 
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Wit. ±!ET*E.£te«W«&t/±Efc';* h>-* ho^ 

[0 16 8] r<7>3§W (fll*«i 3) KUiixHc, 

* h^amstb^tt^e* hyt^tlr^ttWil: 

[0 16 9] £*>389i (Mtfflll 4) Irjiftff. 

* h >aaaitt»c*3j'j-s tr* h ^±tt&&w$:&tti u 

WWWWl-fe^i:. ±iE±^,k£mm$&&UUilEt 0 ^ h 
[0 17 0] rto^ (M*9l 5) idJ:^. 

mmnm-t^t. ±i2T^&&Bfimx:tf±iEe* h 
hn-^wwus^^TegHywutffo-c. ±iet- 
^ h^a^wa^i** tr* h ^^'W^p^^-r*^ 

a* "TIB***. y^rn^u-y^Ktba* 

[0 17 1] Z<D&W (S»#«l 6) \z£tlt£* 
WWttffl-feX**:. ±iET^6&B«fa&tf±f5fc p * K 
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* h va«al»^*3»t5 h >±^6&B£^1-±?E 
TZ<OX\ ffiM#)t£-t^-V-* loffl^^: £T\ ±fE± 

[0 17 2] £<B|8W («*517) Kcfctttf, Ht*« 

(nmtimm^m^^x ±tE.t°x h^amasbir 

+ ^B»«*W*at, ±iE*<M£Btf*&t5±fEfc- 

mk-tz><ox\ &±K£Mmmmzm^x, 

[0 17 3] 8) ^i^xtf. 

ioft^t^ h>^'LHft«*^-r*'L^afi«««:Waii-5 

*^«««»a^at. ±re+'t^«w*xtf±Ee 

^ h>-^ ho-^««^S<5^XEgaiJSIf*fToT. ± 

TJE&{SLmmm&&mTzmw^mk&ffittz.kift 
mkTz<ox\ mv* visTttrnttAmm^m^x, 

[0 17 4] design (»*919) I^J:ix^ ifrjftJK 
J0 1 O^V^Ul 2<Ol>-ftb^«Cf5«t^y — 

0SgSbSB»-*3^r. ±tsy ±12 
h>^o*AfitB^e>^ffiufci#i^ h 

y^^^ittfl^SJ:^^ hv«r{+»-r*#ttE 
«3i«Sr*-t-6tO-C*>9. ±I2T5E^fitBflt*#a^a 

. k. ±IEy —Tz*zs-?i'?'9-\z.lS1rt2>* ±IEf^hVf£ 

40 <t^^, ±IET5E^&BW^<t LT, ±IBt F ^h^ + 
SrfifcBSrSipi: LT±fEfc: - ^ h ^T5E^ffi«*^-rffi« 
mm$:n&'TZ>i><DX2>Z>Zk&¥f'mk-tZ><DX* 
h >T^ffl:Bftatc:j: t)*M^<^ofeh>^S^riegi- 

icS^^T, R*fi^*d5«S«Isfi#W±^«JBSjx<cv^ 

[0 1 7 5] C<D$m (»**2 0) 

so * h ho— ^sai^a<i, ±rdf^h>^g^^ 
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[0 17 6] (»#5 2 1) Hte!i^7ny 

f2y-7-=j>^u^^&tfctJi-$^^^jE^^±fE 

[0 17 7] Z<D&W <W*K2 2) fcjzfttf, 
2 IfBttwy =r=V^U5f+WKi«Bfc*j^-c % ±|5 

*E<o*^cfi'W<I^, ±f5U =T^e— ?<Di&£>lEmk, ± 
T. ±f5fc°* h><D<p&&W:&mmk LT±fEt 8 ^ h> 
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[0 17 8] (8»#«2 3) KJrtttf, 

5ti:ffl£EAfc»^«£, ±f5y =Tn>^u^^55A 
xl. ±B*4Htt««f«J|[Hj^JBrfi, ±fEP±tBJE^^±fE 

ff«A4:||[fflU M^fc^^l^SoVT, ±|E 
W«tit*tLT, ±f5ffi^H^Dir^s h> 

£*ffii-5i<£>-C-*>5£ k&$rW(k-tZ><DX\ t c 7hy 

<h^t). y=73^i/j/tKia*©sf > 4sfijj ; s r 

[0 17 9] (gf*«2 4) KJ:*^ g»*9 

2 3fE*^y=r3^^sx^raB*«^*5^T. ±12 

-rso-c, Ktr^ hv^ttt«»«»cai<5^T, y-r 
[Bs^nv&Rn] 

nan *&m<omm<DMmi\z£Z!) -tzi^t'u*, 

9 s mEEm^suyv y^ww (121(a)) , 
7^y y s;>fW<^ (0(b)) , Xt/flJE^— 7 

[0 3] ±&mM<nj£i&i<D}) ^Tzx^isyy-mnm 

IW9»*n5y=7a^u y f©««tlM| 

[0 4] *«^on*o^jB2^j:5y=r=i^u2x 
[0 5] *^W^fto^ffi3ls:J:6y=r=i>^Uy 
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[0 6] &m*A<Dmm<Dmm4\z£Z}) ~r^>7i'v 
im7] ~&&tev ~r^>-y\syV&mw-fz>tztt><D 
[08] ~T^^7\sy^%:m$L~*rz>y -t*- 
[09] ±tey -T^>^u^^co>y >-^^)T'co 

1 a #&KA^ 

i b waftta* 
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3 
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6 
7 
8 
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1 0 



, 1 1 mffl*-( 



4 1 ^h^hn^f^a 

6 i vMiLW&m^m 
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7 1a h^gfl 
7 1b ^e — 
7 2 h > 

7 3 -*Jf*yb 
74a 7£*— 3— ^ 
7 4b — )V 

7 6 #*ffi|g^ 

7 9 WiK^f^y' 

8 0 ttttW/uy 
8 1 

8 2 y ^r^e— ^ 

ioo y -r^v^u^f- 

10 1 — 10 4 v -T^iszT^y^wmmw. 
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X-f y*>iT@JS 
23a, 23d : >x*?- 
22a; 

Ma~H4«. K1b~«3b : 8H*V - h* 
S1-S4 : X*?^ V***<«PII1W**) 
D1-D4: if-<*— K 
C1a.C2a.C3a: ft1<OlfcHf»|feE]fft 
Clb. C2>, C3fa : «2<0««tt«lsl» 
C4a: 



[B3] 
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v : ex t-lsftiS 







flH8 
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Ipst : ex h >x ha— *flM 
Idf : MHafcflHi 
102: y-Ta>^Wytliai 
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0 i*(=0) Jt w - 
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